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PATHOBIOCHEMICAL MECHANISMS LEADING TO ACQUIRED COAGULATION 
DEFECTS 
M. Jochum , K.-K. Duswald and H. F r i t z 
SYSTEM-SPECIFIC AND LYSOSOMAL (UNSPECIFICALLY DEGRADING) PRO-
TEINASES 
The r e a c t i o n cascades of humoral Systems l i k e c l o t t i n g , 
f i b r i n o l y s i s and complement are c h a r a c t e r i z e d by i n d i v i d u a l 
and h i g h l y s p e c i f i c , c h i e f l y enzyme-catalyzed r e a c t i o n s t e p s . 
The cascades a r e t r i g g e r e d a g a i n by s y s t e m - s p e c i f i c p r o t e i n a s e s 
w i t h h i g h l y r e s t r i c t e d S u b s t r a t e s p e c i f i c i t y , e.g. c l o t t i n g by 
thrombokinases and f i b r i n o l y s i s by Plasminogen a c t i v a t o r s ( c f . 
F i g . 1).Such cascades t r i g g e r i n g p r o t e i n a s e s are n o r m a l l y 
Non - lysosomal Proteinases 
(high cleavage specificity) Activation of 
o Tissue thrombokinases — clotting 
o Plasminogen activators* — fibrinolysis 
(complement) 
* Partly preformed only: synthesis stimulated 
FIGURE 1. S y s t e m - s p e c i f i c , non-lysosomal p r o t e i n a s e s 
p r e s e n t i n the organism o r i t s c e l l s i n r e l a t i v e l y low concen-
t r a t i o n but t h e i r s y n t h e s i s and/or e x c r e t i o n may be enhanced 
s t r o n g l y by e i t h e r an hormonal o r inflammatory S t i m u l u s ( 1 ) . 
In c o n t r a s t , l y s o s o m a l p r o t e i n a s e s are preformed and s t o r e d 
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w i t h i n t he lys o s o m a l g r a n u l e s i n f u l l y a c t i v e form ( 2 ) . The 
lysosomal enzymes ( c f . F i g . 2) r e p r e s e n t an extremely potent 
cleavage specificity: • broad; ° high 
FIGURE 2. Lysosomal p r o t e i n a s e s o f n e u t r o p h i l s 
h y d r o l y t i c c a p a c i t y which i s r e s p o n s i b l e f o r the i n t r a c e l l u -
l a r p r o t e i n breakdown. In t h i s r e s p e c t l y s o s o m a l p r o t e i n a s e s 
Biological Substrates of Neutral Proteinases* 
frorn Neutrophils 
Lysosomal Proteinases (preformed) 
neutral (pH 6-9) 
• Elastases 
acidic (pH 3-7) 
• Cathepsin B 
• Cathepsin G 
0
 Collagenases 
° Kininogenases 
(Kallikreins) 
• Cathepsins H, L 
• Cathepsins A, C 
• Cathepsin D 
(Leukokininogenase) 
Proteoglycans 
Elastin 
Collagen I 
Collagen III 
Elastase, Cathepsin G 
Elastase, Cathepsin G 
Collagenase 
Elastase (Collagenase) 
Clotting factors 
Fibrinolysis factors 
Complement factors 
Elastase, Cathepsin G 
Elastase, Cathepsin G 
Elastase, Cathepsin G 
Immunoglobulins 
Transport proteins 
Elastase 
Elastase 
* Per day approx. 1.5 g synthezid in men 
FIGURE 3. B i o l o g i c a l S u b s t r a t e s o f l y s o s o m a l p r o -
t e i n a s e s a t p h y s i o l o g i c a l pH 
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are a b l e t o degrade and thus i n a c t i v a t e e i t h e r i n d i v i d u a l l y 
o r i n c o m b i n a t i o n even n a t i v e p r o t e i n s and g l y c o p r o t e i n s ( c f . 
F i g . 3 ) . P a t h o b i o c h e m i c a l r e a c t i o n s of both l y s o s o m a l and s y s -
t e m - s p e c i f i c p r o t e i n a s e s are n o r m a l l y prevented by P r o t e i n a s e 
I n h i b i t o r s u b i q u i t o u s l y p r e s e n t i n the organism ( c f . F i g . 4) . 
M.W. Mean conc. 
Abbr. Inhibitor x 1 000 rog/100 ml fjmol/l 
c^-Macroglobulin 725 260 3.6 
OCjPI ooj-Proteaseinhibitor 50 260 52 
CX-jAC Oc-j-Antichymotrypsin 70 45 6.4 
-Collagenase inh. 40 1.5 0.4 
in Inter-Ot-trypsin inh. 160 45 2.8 
AT III Antithrombin III 65 26 4.0 
a
2
Pi ^-Plasmin inhibitor 70 6 0.9 
C1 INA C1-lnactivator 100 24 2.4 
FIGURE 4. P r o t e i n a s e i n h i b i t o r s i n human plasma 
MECHANISM OF ACTIVATION AND CONSUMPTION OF PLASMA FACTORS 
( c f . F i g . 5) 
A f t e r c e l l damage, e.g. by endotoxins o r trauma, b l o o d 
System cascades are a c t i v a t e d p r i m a r i l y by s y s t e m - s p e c i f i c 
p r o t e i n a s e s such as thrombokinases or Plasminogen a c t i v a t o r s . 
Due to the h i g h s e l e c t i v i t y of a l l r e a c t i o n s t e p s i n v o l v e d , we 
would l i k e t o suggest f o r t h i s r e a c t i o n type the term s p e -
c i f i c a c t i v a t i o n and, i n consequence, f o r the consumption 
of f a c t o r s due t o s p e c i f i c a c t i v a t i o n processes the term 
s p e c i f i c c o n s u m p t i o n . In p r i n c i p a l , these 
r e a c t i o n s are c h a r a c t e r i z e d by cleavage of one or o n l y a few 
p e p t i d e bonds i n a c o m p a r a t i v e l y huge p r o t e i n molecule r e s u l t -
i n g i n t he f o r m a t i o n of a c t i v e enzymes from proenzymes (e.g. 
thrombin from Prothrombin) o r a c c e l e r a t o r s from c o f a c t o r s (e.g. 
f a c t o r V i l l a from f a c t o r V I I I ) . The pri m a r y i n h i b i t o r s p r e sent 
t o p revent exceeding a c t i v a t i o n o f the cascades are a n t i t h r o m -
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b i n I I I (AT I I I ) f o r c l o t t i n g , a^-plasmin i n h i b i t o r (o^PI) f o r 
f i b r i n o l y s i s and C1 i n a c t i v a t o r (C1 INA) f o r complement and 
k a l l i k r e i n - k i n i n System p r o t e i n a s e s ( c f . F i g . 4 and 5 ) . 
Endotoxins: cell membrane damage —Proteinase Ii beration 
T 
Granulocytic elastase; 
\ 
Thrombokinase 
Plasmin activator 
4 
Specific activation 
of blood Systems 
° clotting 
0
fibrinolysis (FDP •) 
°complement (C3a •) 
°kal1ikrein (kinin •) 
cells: platelets, pha-
gocytes, mast cells 
i T —^1 
—+> AT III joc-jP! —t
> OC
2
PI I O C ^ 
V>°C1 INA! ° 1^
A
C . 
j i r J — 1 
>
L
_ Inhibition | 
cathepsins G: B, H, L: D 
Unspecific degradation 
0
blood System factors 
0
Proteinase inhibitors 
°transport proteins 
0
 Immunoglobulins 
°tissue substances etc. 
phagocyte/lymphocyte 
activation 
Elimination of enzyme-inhibitor complexes by RES I 
FIGURE 5. A c t i v a t i o n and consumption r e a c t i o n s : 
s p e c i f i c a c t i v a t i o n of bl o o d Systems by system-
s p e c i f i c p r o t e i n a s e s ( l e f t p a r t ) ; u n s p e c i f i c de-
g r a d a t i o n of plasma f a c t o r s by ly s o s o m a l n e u t r a l 
p r o t e i n a s e s ( r i g h t p a r t ) ; complex f o r m a t i o n w i t h 
P r o t e i n a s e i n h i b i t o r s and e l i m i n a t i o n of the en-
z y m e - i n h i b i t o r complexes by phagocytes of the 
r e t i c u l o e n d o t h e l i a l System (RES). 
Release of ly s o s o m a l p r o t e i n a s e s from c e l l s b e s i d e s the 
mentioned a c t i v a t o r s may l e a d t o i n a c t i v a t i o n o f b l o o d System 
f a c t o r s by u n s p e c i f i c p r o t e o l y t i c d e g r a d a t i o n and 
thus t o u n s p e c i f i c c o n s u m p t i o n of p l a s -
ma f a c t o r s e t c . ( c f . F i g . 4 ) . Even P r o t e i n a s e i n h i b i t o r s l i k e 
a n t i t h r o b m i n I I I (3) and the C1 i n a c t i v a t o r might thu s be i n a c -
t i v a t e d , f o r example, by e l a s t a s e from polymorphonuclear granu-
l o c y t e s , but a l s o t r a n s p o r t p r o t e i n s (M. Jochum and S. Lander, 
u n p u b l i s h e d o b s e r v a t i o n s ) and Immunoglobulins e t c . . The prim a r y 
i n h i b i t o r s of lyso s o m a l enzymes are a ^ - P r o t e i n a s e i n h i b i t o r 
(a,|PI) ( f o r m e r l y a ^ - a n t i t r y p s i n , a^AT) , - a n t i c h y m o t r y p s i n 
(a^AC) and e s p e c i a l l y c ^ - m a c r o g l o b u l i n (o^M). The l a t t e r i s 
ab l e t o i n h i b i t n e a r l y a l l l y s o s o m a l p r o t e i n a s e s but a l s o s y s -
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t e m - s p e c i f i c p r o t e i n a s e s l i k e p l a s m i n , plasma k a l l i k r e i n and 
thr o m b i n . 
E x t e n s i v e p a t h o b i o c h e m i c a l r e a c t i o n s by a c t i v a t e d system-
s p e c i f i c p r o t e i n a s e s and/or l i b e r a t e d l y s o s o m a l p r o t e i n a s e s are 
n o r m a l l y p r e v e n t e d by the P r o t e i n a s e i n h i b i t o r s p r e sent i n ex-
ces s o v e r t h e enzymes. I n h i b i t i o n o f the p r o t e i n a s e s by the i n -
h i b i t o r s o c c u r s r e l a t i v e l y r a p i d l y and the s t a b l e enzyme-inhi-
b i t o r complexes thus formed are e l i m i n a t e d w i t h i n a s h o r t time 
by t h e c e l l s o f the r e t i c u l o e n d o t h e l i a l System (4). 
PATHOBIOCHEMISTRY OF LYSOSOMAL ENZYMES 
Lysosomal p r o t e i n a s e s are of s p e c i a l i n t e r e s t r e g a r d i n g 
t h e i r p a t h o b i o c h e m i c a l p o t e n t i a l because of t h e i r h i g h amount 
p r e s e n t i n the organism. Very r i e h i n lysosomes are phagocytes 
l i k e polymorphonuclear g r a n u l o c y t e s ( n e u t r o p h i l s ) and macro-
phages but a l s o e n d o t h e l i a l c e l l s , mast c e l l s and f i b r o b l a s t s 
( c f . F i g . 6 ) . Remarkably, t h e l a s t f o u r c e l l types are e s p e c i a l l y 
G r a n u l o c y t e s M a c r o p h a g e s 
<m ^ 
MofKKyte Free macropKage 
F i b r o b l a s t s Mast cel ls 
Lung - L i v e r - K i d n e y 
FIGURE 6. Blood and t i s s u e c e l l s w i t h h i g h numbers 
of lysosomes 
c o n c e n t r a t e d i n l u n g s , l i v e r and k i d n e y s , i . e . i n organs known 
as p r i m a r y shock organs; above a l l , the n e u t r o p h i l s accumulate 
r a p i d l y i n t he lungs d u r i n g an infla m m a t o r y response. In view 
of t h e f a c t t h a t a p p r o x i m a t e l y 1.3 grams o f n e u t r a l l y s o s o m a l 
EIIS:IH>|I'««» Netitfutitvl BdiOlir.il 
Endothelial cells 
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p r o t e i n a s e s ( p r i m a r i l y e l a s t a s e and c a t h e p s i n G) have t o be 
i n h i b i t e d and e l i m i n a t e d per day o n l y from d i s i n t e g r a t i n g neu-
t r o p h i l s under p h y s i o l o g i c a l c o n d i t i o n s , i t i s not s u r p r i s i n g 
t h a t more than 10 % o f the plasma p r o t e i n s are r e p r e s e n t e d by 
P r o t e i n a s e i n h i b i t o r s . T h i s h i g h i n h i b i t o r y p o t e n t i a l - f u r t h e r 
i n h i b i t o r s are p r e s e n t i n c y t o s o l and mucous s e c r e t i o n s - i s a 
c l e a r a d d i t i o n a l i n d i c a t i o n f o r the p a t h o b i o c h e m i c a l e f f e c t i -
veness of lysosomal p r o t e i n a s e s i f r e l e a s e d e x t r a c e l l u l a r l y 
from t h e i r membrane-coated o r g a n e l l e s , the lysosomes. On the 
o t h e r hand, a h i g h p r o t e o l y t i c a c t i v i t y i n the lysosomes i s 
necessary i n o r d e r t o f u l f i l t h e i r b i o l o g i c a l f u n c t i o n s : 
(1) d e g r a d a t i o n o f a l l wasted o r p o t e n t i a l l y dangerous endo-
genous substances ( i n t r a c e l l u l a r c a t a b o l i s m ) and (2) degrada-
t i o n of i n v a s i v e organisms a f t e r uptake i n t o t h e phagosomes of 
phagocytes ( c f . F i g . 7) (5,6,7). 
FIGURE 7. F u n c t i o n a l s i g n i f i c a n c e of lysosomes 
w i t h i n the c e l l . Substances taken up i n phagosomes 
by p h a g o c y t o s i s are degraded s u b s e q u e n t l y by l y s o -
somal enzymes. (from R. V. K r s t i c (ed) U l t r a s t r u k -
t u r der Säugetierzelle ( S p r i n g e r - V e r l a g B e r l i n 1976), 
m o d i f i e d by the authors of t h i s paper) 
1 , primary lysosoas 
3a, phagolysosome 
3b, Phagosome 
3c, autophagosoroe 
2 , secretory granules 
4 , secundary 
lysosoroe 
5 , residual body 
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SIGNIFICANCE OF PROTEINASE INHIBITORS 
Düring a massive i n f l a m m a t o r y process both s y s t e m - s p e c i f i c 
and l y s o s o m a l p r o t e i n a s e s a r e l i b e r a t e d or accumulate e x t r a -
c e l l u l a r l y i n h i g h e r c o n c e n t r a t i o n l e a d i n g t o a m a s s i v e consump-
t i o n or i n a c t i v a t i o n o f the c o r r e s p o n d i n g P r o t e i n a s e i n h i b i t o r s 
(8,9,10). Hence, the i n h i b i t o r y p o t e n t i a l of the organism i s 
d i m i n i s h e d and thus i n t u r n t h e e f f e c t i v e n e s s of the p r o t e i n a s e -
induced p a t h o b i o c h e m i c a l p r o c e s s e s i s enhanced l e a d i n g t o a p r o -
g r e s s i v e consumption o f f a c t o r s of the b l o o d Systems. Consequen-
ces of t h e s e p r o c e s s e s are severe c l i n i c a l Symptoms i n c l u d i n g 
d i s s i m i n a t e d i n t r a v a s c u l a r c o a g u l a t i o n . The j u s t i f i c a t i o n of 
t h i s assumption i s supported by r e s u l t s of a c l i n i c a l t r i a l 
d e s c r i b e d i n the f o l l o w i n g s e c t i o n s . 
LYSOSOMAL ELASTASE AS A DIAGNOSTIC MARKER 
FIGURE 8. Complex f o r m a t i o n between l i b e r a t e d 
l y s o s o m a l e l a s t a s e (E) and a-| - p r o t e i n a s e i n h i -
b i t o r (afPI) as w e l l as (to a much l e s s extent) 
a 2 - m a c r o g l o b u l i n (ot2M) . Whereas the E - a i P I com-
p l e x i s e n z y m a t i c a l l y i n a c t i v e , a2M-bound e l a -
s t a s e i s s t i l l a b l e t o h y d r o l y s e low m o l e c u l a r 
weight ( s y n t h e t i c ) S u b s t r a t e s . 
N e u t r o p h i l s are s t i m u l a t e d by e n d o t o x i n s o r o t h e r i n f l a m -
matory S t i m u l i thereby r e l e a s i n g an e l a s t a s e b e s i d e s o t h e r l y s o -
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somal c o n s t i t u e n t s . E l a s t a s e (E) r e a c t s w i t h v a r i o u s s u s c e p t i b l e 
p r o t e i n s and f i n a l l y w i t h n a t i v e a ^ - p r o t e i n a s e i n h i b i t o r ( a ^ P I ) ; 
the s t a b l e e n z y m e - i n h i b i t o r complex (E-a^PI) thus formed ( c f . 
F i g . 8) i s e l i m i n a t e d from the c i r c u l a t i o n w i t h a h a l f - l i f e time 
of a p p r o x i m a t e l y 1 hour. üsing a r e c e n t l y developed enzyme-linked 
immunoadsorbent assay, i t i s now p o s s i b l e t o e s t i m a t e the concen-
t r a t i o n o f t h i s complex i n b l o o d plasma and o t h e r body f l u i d s 
(11,12). a^PI i s n o r m a l l y p r e s e n t i n body f l u i d s i n such a h i g h 
c o n c e n t r a t i o n t h a t l i b e r a t e d e l a s t a s e i s i n h i b i t e d w i t h i n a s h o r t 
t i m e , i . e . f r e e a c t i v e e l a s t a s e i s n o r m a l l y not d e t e c t a b l e i n 
plasma samples e t c . (A s m a l l amount o f a c t i v e e l a s t a s e may be 
found; t h i s i s due t o the presence o f e l a s t a s e i n the complex 
w i t h a 2 - m a c r o g l o b u l i n , where i t i s s t i l l a b l e t o c a t a l y s e the 
h y d r o l y s i s of s y n t h e t i c S u b s t r a t e s ) . 
LIBERATION OF LYSOSOMAL ELASTASE DURING SEPSIS 
Group A Group B Group C 
(n = 11) (n = 14) (n = 16) 
major abdominal surgery 
wiihout 
infection
 se
P
sis 
discharge survival non-survival 
FIGURE 9. P a t i e n t groups o f the p r o s p e c t i v e 
c l i n i c a l t r i a l and number o f p a t i e n t s per group. 
In a p r o s p e c t i v e c l i n i c a l t r i a l we s t u d i e d the course of 
E-a^PI plasma l e v e l s i n 3 d i f f e r e n t groups of p a t i e n t s ( c f . 
F i g . 9) s u b j e c t e d t o major abdominal s u r g e r y ( c f . F i g . 10) 
(13,14,15) : 
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group A w i t h u n c o m p l i c a t e d p o s t o p e r a t i v e c o u r s e , 
group B w i t h p o s t o p e r a t i v e s e p s i s and r e c o v e r y , 
group C w i t h p o s t o p e r a t i v e s e p s i s and l e t h a l outcome. 
E""0ü|PI (n-r. = 6 0 - 1 1 0 ) 
i m e a n - S E M . ) 
before op. 
p < 0 . 0 2 5 
P < 0 0 2 5 
after op. before onset course D R D 
sepsis of sepsis of sepsis 
p < 0 . 0 0 0 5 
p < 0 0 0 0 5 
P < 0 0 1 2 5 
p < 0 . 0 0 2 5 n i-
p < 0 0 0 0 5 P < 0 0 1 2 
p < 0 . 0 0 0 5 P < 0 0 1 2 5 
FIGURE 10. Plasma l e v e l s of the e l a s t a s e - a - j P r o t e i n -
ase i n h i b i t o r complex (E-a-|PI) i n p a t i e n t s s u b j e c t e d 
t o major abdominal s u r g e r y : 
A: p a t i e n t s w i t h o u t p o s t o p e r a t i v e i n f e c t i o n s (n=11) 
B: p a t i e n t s who s u r v i v e d p o s t o p e r a t i v e s e p s i s (n=14) 
C: p a t i e n t s who d i e d due t o p o s t o p e r a t i v e sepsis(n=16) 
The E-a-jPI l e v e l s are g i v e n as mean v a l u e s f o r the day 
b e f o r e Operation, the day a f t e r Operation, the time 
b e f o r e s e p s i s , a t onset of s e p s i s , and f o r the cou r s e of 
s e p t i c e m i a . L a s t d e t e r m i n a t i o n s were done on day of 
d i s c h a r g e (D) i n group A, on day of r e c o v e r y (R) i n 
group B, and s h o r t l y b e f o r e death (D) i n group C. 
In p a t i e n t s w i t h o u t i n f e c t i o n s i g n s b e f o r e O p e r a t i o n 
(group A) normal E-a^PI l e v e l s were found (<100 ng/ml). The 
o p e r a t i v e trauma caused a 2 - 3 f o l d i n c r e a s e i n the E-a^PI 
l e v e l which decreased r e l a t i v e l y r a p i d l y towards normal l e v -
e l s d u r i n g r e c o v e r y ( c f . F i g . 10). P o s t o p e r a t i v e s e p s i s ( c f . 
F i g . 11), however, was accompanied w i t h h i g h l y s i g n i f i c a n t l y 
e l e v a t e d E-ot^Pl plasma l e v e l s which i n t u r n n o r m a l i z e d d u r i n g 
r e c o v e r y (group B, F i g . 10). 
Some of the p a t i e n t s (n = 6) of group C showed s i g n s o f 
i n f e c t i o n a l r e a d y b e f o r e O p e r a t i o n which i s r e f l e c t e d i n the 
p r e o p e r a t i v e l y e l e v a t e d mean l e v e l of E-ouPI ( F i g . 10). P o s t -
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Sepsis Criteria 
o Defined infection site & pos. bact. culture 
° Body temperature > 38.5°C 
° Leukocytosis with > 15 000 cells/mnr or 
Leukocytopenia with < 5 000 cells/mnr 
o Platelets < 100 000/ram
3
 or drop - 30 % 
° (Positive blood culture) 
FIGURE 11. C r i t e r i a used f o r d i a g n o s i s of s e p s i s 
o p e r a t i v e l y , a s l i g h t decrease o f the complex c o n c e n t r a t i o n was 
observ e d which i s p r o b a b l y due t o e l i m i n a t i o n o f the i n f e c t i o n 
f o c u s i n those p a t i e n t s s u f f e r i n g from an i n f e c t i o n a l r e a d y be-
f o r e O p e r a t i o n . Onset of s e p s i s i s a g a i n accompanied w i t h a 
h i g h l y s i g n i f i c a n t i n c r e a s e of the E-a^PI l e v e l and t h i s h i g h 
l e v e l was ma i n t a i n e d u n t i l l e t h a l outcome. Remarkably, i n those 
p a t i e n t s r e c o v e r i n g from s e p s i s (group B) the E-ot^PI l e v e l 
dropped a l r e a d y s i g n i f i c a n t l y d u r i n g s e p s i s . T h i s b e h a v i o u r of 
the E-a^PI plasma l e v e l might become a p r o g n o s t i c marker f o r 
s e p t i c p a t i e n t s . Kowever, the v a l i d i t y of t h i s concept has s t i l l 
t o be proven i n c l i n i c a l t r i a l s w i t h h i g h e r numbers of p a t i e n t s . 
CORRELATION BETWEEN ELASTASE RELEASE AND CONSUMPTION OF PLASMA 
FACTORS 
From the c l i n i c a l t r i a l i t i s e v i d e n t t h a t the degree of 
l i b e r a t i o n of a ly s o s o m a l marker substance from n e u t r o p h i l s may 
r e f l e c t the s e v e r i t y of the i n f l a m m a t o r y response of the o r g a -
nism. T h e r e f o r e , the s e a r c h f o r a p o s s i b l e c o r r e l a t i o n between 
t h e plasma l e v e l of E-ot^PI and f a c t o r s of the b l o o d Systems as 
p o s t u l a t e d above was of major i n t e r e s t . Indeed, a r e v e r s e c o r -
r e l a t i o n c o u l d be e s t a b l i s h e d f o r the f o l l o w i n g parameters ( c f . 
F i g . 12): a n t i t h r o m b i n I I I , c l o t t i n g f a c t o r X I I I and a~-macro-
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g l o b u l i n . That means, i n the g i v e n c l i n i c a l t r i a l h i g h l e v e l s 
o f E-a^PI were accompanied w i t h low l e v e l s of these f a c t o r s 
and v i c e v e r s a . O b v i o u s l y , l i b e r a t i o n o f h i g h amounts o f neu-
t r o p h i l e l a s t a s e i s c o r r e l a t e d w i t h a h i g h degree of consumption 
of plasma f a c t o r s s u s c e p t i b l e t o e l a s t a s e c l e a v a g e . 
Parameters with High Significance 
• thighly significant: f significant: n, not significant 
Parameter Sepsis Survival Non-survival 
E-0(-j PI complex n 
Antithrombin III • • n 
Factor XIII n • • 
^ concent. 
^ activity 
• « n ( ( 
• • n - » ( • 
C-reactive protein n • 
E: Elastase: Ocfl: C^-Macroglobulin 
FIGURE 12. C o r r e l a t i o n between plasma l e v e l s of 
E-a-jPI and o t h e r plasma f a c t o r s i n the g i v e n pa-
t i e n t s a f t e r major abdominal s u r g e r y . 
The C - r e a c t i v e p r o t e i n (CRP), an acute phase r e a c t a n t , 
showed a c o n c e n t r a t i o n p a t t e r n s i m i l a r t o t h a t of E-a^PI; how-
ev e r , CRP proved t o be a l e s s s p e c i f i c s e p s i s i n d i c a t o r compared 
t o E-oCjPI (14,15) . 
RESUME AND FUTURE PROSPECTS 
The r e s u l t s of the g i v e n and ongoing c l i n i c a l t r i a l s i n d i -
c a t e t h a t c l o t t i n g d i s o r d e r s d u r i n g s e p s i s are not due e x c l u s i -
v e l y t o t he a c t i v a t i o n of b l o o d Systems by or v i a s y s t e m - s p e c i -
f i c p r o t e i n a s e s (e.g. thrombokinases, Plasminogen a c t i v a t o r , 
i n t r i n s i c c l o t t i n g cascade, e t c . ) . O b v i o u s l y , l y s o s o m a l p r o -
t e i n a s e s r e l e a s e d from s t i m u l a t e d inflammatory c e l l s are i n v o l v e d 
t o an a p p r e c i a b l e degree i n the development of consumption c o a -
gulo p a t h y o r d i s s e m i n a t e d i n t r a v a s c u l a r c o a g u l a t i o n . The under-
l y i n g mechanism i s u n s p e c i f i c p r o t e o l y t i c d e g r a d a t i o n l e a d i n g 
106 
t o i n a c t i v a t i o n o f v a r i o u s b l o o d System f a c t o r s (3,4,8,16,17). 
The g i v e n E-a^PI assay i s a v a l u a b l e t o o l f o r s t u d y i n g 
p a t h o l o g i c a l processes i n which n e u t r o p h i l s are i n v o l v e d ; t h i s 
concerns b e s i d e s s e p s i s and s e p t i c shock p r i m a r i l y d i s o r d e r s 
of the rheumatic type (18) as w e l l as m y e l o g i c leukemia (14). 
In a d d i t i o n , t h i s assay may be used t o prove the e f f e c t i v e n e s s 
of a P r o t e i n a s e i n h i b i t o r t h e r a p y (e.g. w i t h a p r o t i n i n , t h e e f -
f e c t i v e i n g r e d i e n t o f T r a y s l o l R ) on a broader b a s i s by o b j e c -
t i v e l y measurable plasma f a c t o r s . 
REFERENCES 
1. Unkeless J L , Gordon S, R e i c h E. 1974. S e c r e t i o n o f P l a s m i -
nogen a c t i v a t o r by s t i m u l a t e d macrophages. J . Exp. Med. 
139, 834-850. 
2. D i n g l e JT. 1977. Lysosomes: A L a b o r a t o r y Handbook. N o r t h -
H o l l a n d P u b l . Comp., Amsterdam-New-York-Oxford. 
3. Jochum M, Lander S, Heimburger N, F r i t z H. 1981a. E f f e c t 
o f human g r a n u l o c y t i c e l a s t a s e on i s o l a t e d human a n t i t h r o m -
b i n I I I . Hoppe-Seyler's Z. P h y s i o l . Chem. 362, 103-112. 
4. Ohlsson K, L a u r e i l CB. 1976. The dis a p p e a r a n c e of enzyme-
i n h i b i t o r complexes from the c i r c u l a t i o n of man. C l i n . S e i . 
Mol. Med. 51, 87-92. 
5. K l e b a n o f f S J , C l a r k RA. 1978. The N e u t r o p h i l . F u n c t i o n and 
C l i n i c a l D i s o r d e r . N o r t h H o l l a n d , Amsterdam-New Yor k - O x f o r d . 
6. S t o s s e l TP. 1976. The mechanism of p h a g o c y t o s i s . J . R e t i -
c u l o e n d o t h e l . Soc. 19, 2 37 pp. 
7. Holtzman E. 1976. Lysosomes: A survey. S p r i n g e r - V e r l a g , 
Wien-New York. 
8. F r i t z H. 1980. P r o t e i n a s e i n h i b i t o r s i n severe i n f l a m m a t o r y 
p r o c e s s e s ( s e p t i c shock and e x p e r i m e n t a l endotoxaemia). 
B i o c h e m i c a l , p a t h o p h y s i o l o g i c a l and t h e r a p e u t i c a s p e c t s , 
i n : P r o t e i n Degradation i n H e a l t h and D i s e a s e , C i b a Found. 
Symp. 75 (new s e r i e s ) , p. 351-379. E x c e r p t a Medica, Amster-
dam . 
9. Jochum M, W i t t e J , S c h i e s s l e r H, Selbmann HK, Ruckdeschl G, 
F r i t z H. 1981b. C l o t t i n g and o t h e r plasma f a c t o r s i n expe-
r i m e n t a l endotoxinemia: I n h i b i t i o n o f d e g r a d a t i o n by exo-
genous P r o t e i n a s e i n h i b i t o r s . Europ. Surg. Res. 13, 152-168. 
10. W i t t e J , Jochum M, S c h e r r e r R, Schramm W, H o c h s t r a s s e r K, 
F r i t z H. 1982. D i s t u r b a n c e s of s e l e c t e d plasma p r o t e i n s i n 
hyperdynamic s e p t i c shock. I n t e n s e Care Med. 8, 215-222. 
11. Neumann S, Hennrich N, Gunzer G, Lang H. 1981. Enzyme-
l i n k e d immunoassay f o r e l a s t a s e from l e u k o c y t e s i n human 
plasma. Paper read a t : F i r s t J o i n t Meeting o f the B r i t i s h , 
German, and Dutch S o c i e t i e s f o r C l i n i c a l C h e m i s t r y , A p r i l 
9 th-10th. L e i d e n , The N e t h e r l a n d s . 
12. Neumann S, Hennrich N, Gunzer G, Lang H. 1982. Enzyme-linked 
immunoassay f o r human g r a n u l o c y t e e l a s t a s e - a i - p r o t e i n a s e 
i n h i b i t o r complex, i n : P r o g r e s s i n C l i n i c a l Enzymology I I 
(Goldberg DM, Werner M, e d s . ) , i n p r e s s . 
107 
13. Duswald KH. 1982. Zur Pathobiochemie der L e u k o z y t e n - E l a -
s t a s e und ausgewählter P l a s m a p r o t e i n e b e i S e p s i s nach ab-
d o m i n a l c h i r u r g i s c h e n E i n g r i f f e n . D i s s e r t a t i o n , M e d i z i n i -
sche Fakultät der Universität München. 
14. Jochum M, Duswald KH, H i l l e r E, F r i t z H. 1983. Plasma l e v -
e l s o f human g r a n u l o c y t i c e l a s t a s e - a 1 - p r o t e i n a s e i n h i b i t o r 
complex ( E - a i P I ) i n p a t i e n t s w i t h s e p t i c e m i a and acute l e u -
kemia, i n : S e l e c t e d T o p i c s i n C l i n i c a l Enzymology (Goldberg 
DM, Werner M, e d s . ) , W a l t e r de G r u y t e r V e r l a g B e r l i n , 85-100. 
15. Duswald KH, Jochum M, F r i t z H. 1982. New f i n d i n g s on the 
p a t h o p h y s i o l o g y and p a t h o b i o c h e m i s t r y of s e p s i s and sep-
t i c shock: the importance of P r o t e i n a s e r e l e a s e and the 
p o s s i b i l i t i e s f o r tr e a t m e n t . I n t e n s e Care News 2, 1-6. 
E x c e r p t a Medica, Amsterdam. 
16. Schmidt W, E g b r i n g R, Havemann K. 1975. E f f e c t of e l a s t a s e -
l i k e and c h y m o t r y p s i n - l i k e p r o t e a s e s from human g r a n u l o c y -
t e s on i s o l a t e d c l o t t i n g f a c t o r s . Thromb. Res. 6, 315-326. 
17. E g b r i n g R, Schmidt W, Fuchs G, Havemann K. 1977. Demon-
s t r a t i o n o f g r a n u l o c y t i c p r o t e a s e s i n plasma o f p a t i e n t s 
w i t h acute leukemia and s e p t i c e m i a w i t h c o a g u l a t i o n de-
f e c t s . B l o o d 49, 219-231. 
18. K l e e s i e k K, Neumann S, G r e i l i n g H. 1982. D e t e r m i n a t i o n of 
e l a s t a s e - a i - p r o t e i n a s e i n h i b i t o r complex, e l a s t a s e a c t i v i t y 
and P r o t e i n a s e i n h i b i t o r s i n s y n o v i a l f l u i d s . F r e s e n i u s Z. 
A n a l . Chem. 311, 434-435. 
